ABSTRACT
INTRODUCTION
Liver ischemia-reperfusion (I/R) injury occurs during major liver surgery, transplantation or following hemorrhagic shock and subsequent fluid resuscitation (1) . The pathophysiology of I/R injury involves the activation of many metabolic pathways and release of mediators that induce liver injury (2) . There is growing evidence that there are two distinct phases of liver injury after warm I/R, the early phase (up to 2 hr post-reperfusion) is characterized by activation of kupffer cell-induced oxidative stress (3) . In the late phase (4-24 hr post-reperfusion), the main event is accumulation of activated neutrophils and the production of free radicals and proteases (4) . One of the most important components of intracellular antioxidant system is glutathione (GSH), a powerful active radical scavenger that is depleted during severe liver I/R injury (5) . Exogenous GSH cannot enter the cell, so its intracellular buildup requires cysteine, which is its major constituent, to be supplied from outside. Nacetylcysteine (NAC) is an exogenous GSH precursor (6) . In the last thirty years, hepatic steatosis has been well-decumented as most common chronic liver disease in general population (7) . Either as isolated or cooperative factors; mitochondrial dysfunction, inflammatory cytokines, free fatty acids, endotoxin, microvascular injury and oxidative stress may all be involved in the pathogenesis of ischemia-reperfusion injury (8) . In this study, we assessed the effect of NAC on hepatic I/R injury in both normal and steatotic rat livers.
MATERIAL & METHODS

Drugs:
1. N-acetylecysteine (Sigma Co., USA).
Cholesterol powder (Winlab Company for Pharmaceuticals).
Animal model for I/R:
Anaesthesia was induced by intramuscular injection of 0.5ml/kg body weight fentanyl-fluanisone. Rats then underwent inhalation anaesthesia with isoflurane (0.5-2%).Rectal temperature was maintained at 35-37 o C with warming blanket. A median laparotomy was performed, the ligaments of the liver were cut, all structures in the portal triad (hepatic artery, portal vein and bile duct) of the median and left lobes of the liver were clamped by using a traumatic microvascular clip and the abdomen was closed. After one hour, a second labarotomy was performed and the clip was removed, and the animals were kept alive for 4hr after reperfusion.
Experimental groups and protocol:
Forty eight adult male wistar rats that weighed 200-250 gm were maintained in a daily 12 hr light-dark cycle, room temperature and free access to tap water. Sections of liver were taken, kept in formalin and fixed in paraffin blocks. Then cut by microtome and stained by hematoxylin and eosin to prove the incidence of steatosis.
Statistical analysis:
Data were expressed as mean + SD. Statistical difference involving multiple group comparisons were determined by one way ANOVA, followed by scheffe (F) test. The least significant different mean values (P< 0.05) was accepted to denote significant difference. This is done by using SPSS computer program version 16.
RESULTS
As shown in table (1,2) and Fig. (1, 2, 3, 4, 5 and 6) :
Steatosis produced significant increase in TNF-α and MDA and significant reduction in reduced GSH (P<0.05) when compared to the normal control group. Steatosis and inflammatory infiltration were also evident by histopathological examination (Fig.5,6 ).
I/R either in normal control or steatotic rats produced significant increase in liver enzymes (ALT, AP and LDH), TNF-α and MDA (P < 0.05) and significant reduction in reduced GSH and catalase (P< 0.05) when compared to either control or steatotic groups respectively.
I/R in steatotic group also produced significant increase in liver enzymes (ALT, AP and LDH) and MDA (P<0.05) when compared to I/R in normal rats.
NAC administration during I/R either in normal or steatotic rats produced significant reduction in liver enzymes (ALT, AP and LDH), TNF-α and MDA (P< 0.05) and significant increase in reduced GSH and catalase enzyme (P<0.05) when compared to I/R in either normal or steatotic groups respectively. 
DISCUSSION
The induction of hepatic steatosis in this study was accompanied by inflammation, lipid peroxidation and decreased level of intracellular free radical scavenger. This confirms the vulnerability and increased susceptibility of the steatotic livers to I/R injury. So, hepatic inflammation and oxidative stress are already present in steatotic livers and aggravated in ischemic liver injury during reperfusion. These results are agreed by many authors (16, 17) . Mitochondria are involved in fatty acid β oxidation and oxidative phosphorylation. Additionally, these organelles are an important source of reactive oxygen species (ROS) and impairment of their activity plays a central role in steatotic liver damage (16) . Mitochondrial-oxidation impairment leading to increased free fatty acids inside hepatocytes which increases the cell volume resulting in decreased sinusoidal space and impaired microcirculatory blood flow up to 50% in fatty liver (18) . At the same time, the free fatty acids inhibit acetyl coenzyme A, an important cofactor in krebs cycle and gluconeogenesis, thus leading to decreased production of adenosine triphosphate (ATP) (19) . It is clear from our results that I/R produced significant increase in inflammatory marker (TNF-α) and oxidative stress (increased MDA and decreased reduced GSH and catalase) in both normal and steatotic rats in comparison to their control groups and still significant increase in steatotic I/R when compared to I/R in normal rats.
I/R causes mitochondrial dysfunction and increased activity of nicotinamide adenine dinucleotide phosphate (NADPH) leading to generation of reactive oxygen species (ROS) and reactive nitrogen species (RNS). Both can cause cellular injury through peroxidation of membrane lipids, protein denaturation and oxidative DNA damage (20) . Reactive nitrogen species (RNS) like peroxynitrite is a highly reactive free radical formed by combination of nitric oxide (NO) with superoxide anions. Under normal conditions, this reaction is prevented by continuous removal of NO by haemoglobin. Nonetheless, during later stage of reperfusion, NO production increases as a result of the expression of inducible nitric oxide synthase (iNOS). Excessive NO production leads to formation of peroxynitrite which causes mitochondrial dysfunction, impaired circulation and hepatic injury (21) . Nuclear factor kappa B (NFkappa B) is activated by oxidative stress during hepatic I/R and may play a significant role in the induction of inducible nitric oxide synthase (iNOS) gene (22) .The humoral induction of inflammatory mediators such as cytokines and eichosanoids may also involved (21) . The sinusoidal microcirculatory impairment during reperfusion has been also implicated in the pathogenesis of liver damage and may be caused by sinusoidal vasoconstriction mediated by an altered endothelin-NO balance (23) , sinusoidal endothelial cell swelling with luminal narrowing (24) and/or increased expression of adhesion molecules with subsequent leukocyte and endothelial cell interaction (25) . Activation of toll-like receptor 2 and 4 gene may play an important role in the ROS-induced liver injury after I/R. Signaling by toll-like receptors occurs through activation of NF-kappa B and JNK/SAPK which is activated by ROS. ROS can also modify membrane components and is a known inducer of apoptosis and necrosis (5) . NAC succeeded to significantly reduce liver enzymes (ALT, AP and LDH), inflammation (TNF-α) and lipid peroxidation (MDA) and also to significantly increase reduced GSH and catalase when administered during I/R either in normal or steatotic rats.
NAC is a thiol-containing compound that directly interacts and detoxifies free radicals by non enzymatic reactions (free radical scavenger) (26) . It is also deacetylated to form cysteine which is the precursor of glutathione, one of the most important components of intracellular antioxidant system (27) . By its antioxidant action, it inhibits lipid peroxidation, it also potentiates γ-aminolevulinate dehydratase activity, an effect that is not related to hepatic peroxidation (28) . The anti-inflammatory effect of NAC may be related not only to inhibited expression of (iNOS), but it also blocks the upregulated NF-kappa B binding activity after liver reperfusion (22) . NAC also inhibits expression of intercellular adhesion molecule-1 and vascular cell adhesion molecule-1 (ICAM-1 and VCAM-1) and causes shedding of selectins which might be contributing factors to decrease leukocyte adherence and improve microcirculatory haemodynamics (29) . It was also proven that NAC inhibits activation of tolllike receptor 2 and 4 mRNA and protein and the induction of TNF-α resulting from I/R injury via modulating redox state. Thus, it may mitigate liver injury following I/R in mice (5) . NAC seems to attenuate hepatic I/R injury through decreasing platelet activation, increasing cAMP in ischemic liver tissue, and decreasing the activity of glutathione-Stransferase (30) . The antifibrotic role was also stated via inhibition of stellate cell activation (31) and inhibition of profibrotic cytokine, liver transforming growth factor-beta (TGF-beta) (32) . Many authors proved the antiapoptic effect of NAC through inhibiting the cell cycle arrest at the S and G2/M phase and shifting the cells to G1 phase thus decreasing the degree of DNA damage and increasing the cell viability (33,34) . The antisteatotic effect of NAC has bean suggested through two mechanisms.
First, that NAC replenishes the mitochondrial GSH pool and restores the mitochondrial function and enhances regeneration of ATP, thus leading to reduced ROS generation (35) . Second, that NAC may minimize damage to circulation in liver, thus reducing haemorrhage in ischemic livers (4) .
CONCLUSION
NAC prevents liver tissue damage and may be considered as a promising therapeutic candidate for chemoprevention of I/R injury through antioxidant, antiinflammatory, antifibrotic, antiapoptic and antisteatotic effects either in normal or steatotic livers. Thus, it may have a role in increasing the cell viability, preventing the early graft rejection and increasing survival rate during liver surgery and transplantation.
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